Abstract-This article is devoted to mathematical modeling of the investment attractiveness of the region. To build the model of the investment attractiveness, it was proposed to use the method of the eigenstates. A distinctive feature of this method is, above all, the possibility of using a large number of factors affecting on scoring factor. The model of investment attractiveness of Chelyabinsk region was built by using of the eigenstate method. After the analysis, the reserves to increase the investment were identified. The proposed method is universal and can be used not only for regions but also for countries.
I. INTRODUCTION
Social and economic development of regions is strategically important aspect in the long term for steady increase in welfare of the Russian citizens, national security. The publication of the report "Our future" in 1987 which author is "the commission Bruntdland" [the commission of the UN for the environment and development] [1] became the beginning for wide dissemination of the concept of sustainable regional growth. Importance of maintenance of social and economic development of regions is also emphasized in the Concept of long-term social and economic development of the Russian Federation for the period till 2020 [N 1662-p is approved by the order of the Government of the Russian Federation in November 17, 2008] [2] . Other countries pay much attention to formation of strategy of regional growth, for example the Czech Republic in which the document "Strategy of Regional Growth of the Czech Republic" [3] is also accepted. Social and economic development of the region is of great importance in aspect of attraction of new corporate investments [4] .
Assessment of social and economic development of the region is based on consideration economic, social and economic aspects [3] . Social and economic development of the region is the central function of authorities of the region, which becomes especially urgent during the economic crisis. Social and economic development of the region is impossible without additional financial infusions in its economy. However the investor, putting the finance in development of this or that branch of the region, it has to be sure that the capital invested by it will work, and will bring in a certain income to the owner. In this regard, before making the positive decision on investments, the investor has to be able to estimate positive and negative [risks] consequences of the made decisions.
The conventional world agencies, which are carrying out assessment of level of investment appeal, are Moody's, S&P and Fitch. These companies provide service of assessment of risk of investments, assignments of rating to the companies and the countries, by means of assignment of a title of "the good payer" at assessment of investment risks. In work [5] it is told about that, there are two levels of investment assessment by the agencies. Public solvency which value exerts impact on granting the credit by borrowers is estimated at the first highest investment level. Ranging of the companies on investment risks is carried out at the second corporate investment level.
These agencies estimate probability of insolvency of the financial liability use of internal techniques. The basis of internal techniques is made by 11 indexes linked to the cyclical economic and financial structure, covering aspects of liquidity, profitability, debt, and income. Now there is a large number of techniques of the analysis of investment appeal [5] [6] [7] [8] [9] . For example, in work [6] at the heart of calculation of an index of investment appeal the following indicators lie: liquidity indexes, profitability indexes, debt indexes, and income indexes, based on quotients of immediate liquidity, current ratio, quick ratio, Ebitda, solvency, asset turnover, total debt, net equity debt, asset income, and net equity income.
Unfortunately, the uniform technique of the analysis and assessment of investment appeal of the region or the enterprise does not exist now, as in Russia, and abroad. All existing techniques can conditionally be divided into three groups [7] : economic-mathematical methods (method of the sum of places, method of ball estimates, Pattern method, etc.), methods of the factorial analysis and expert methods. On other classification presented in work [9] there are three approaches to techniques of assessment of investment appeal of regions. The first approach reveals fundamental factors which existence, for example, dynamics of gross domestic product or the output of industrial output unambiguously defines investment appeal of the region. The second approach is based on the accounting of several equal factors, such as development of market infrastructure, social, financial, etc. For the third approach, investment appeal of the region is defined by two characteristics: investment potential and investment risk.
Drawback of all methods is, as a rule, groundlessness of inclusion in model of this or that factor, impossibility of definition of a contribution of this or that indicator to total assessment and existence of expert estimates. Besides, abroad now develops and it is widely applied to the analysis of activity of complicated economic systems -it is the analysis of the environment of functioning (Data Envelopment Analysis) [6] based on methodology of linear programming. The essence of this method is that a difficult object with a set of entrances is investigated (as a rule, expenses are considered as an entrance) and exits (for example, release of the production) and its activity in the environment of functioning is analyzed. The main drawback of this method is first of all that in case of a multidimensional task the defined limits of efficiency become indistinct.
Method of expert evaluations, which has subjectivity of expert, estimates and low efficiency of ratings because of delays in collection of information is most often used now at assessment of all factors used in the analysis of investment appeal of regions by authors of methods.
II. THE PROCEDURE OF CONSTRUCTING THE MODEL OF EVALUATION AND INVESTMENT ATTRACTIVENESS ANALYSIS OF THE REGION
Eigenstate Method is proposed for the analysis of investment prospects of the region. [10] The method is successfully used in problems of image analysis [11] , in taking management decision [12] and so forth. The essence of the method is to analyze the quality modifications of the region activity indicators during the year.
According to this method, all input data (factors) are grouped into clusters within which factors are interrelated but the clusters (eigenstates) are independent. Thus, the state of any system at any given time is described by a linear combination of eigenstates. In each eigenstate original factors may vary in proportion to their weights.
In general, the construction of the model of region investment attractiveness can be divided into five steps.
The first step is to choose the indicators describing the level of the region economic development and characterizing the investment quote that are used for estimating return on investment in regional development.
At the second stage, the requirements to the region investment attractiveness, which impose certain restrictions on the model key factors relationship, are specified. For example, analyzing the investment prospects of the region we can say that the increase in investment in the region entails an increase in the gross regional product. The constructed model is an idealized representation of the object behavior.
The third stage includes a description of the object activity as a set of independent processes, i.e. eigenstates that characterize a definite trend of the region development. Eigenstates can be calculated using the second moments matrix of a set of indicators. Eigenstates are independent (the first property of eigenstates [9] ), i.e. the change of one trend (eigenstate) does not affect the change of other trends (eigenstates). Thus, the removal of one of eigenstates would not change the other eigenstates. Within each trend (eigenstate) values vary in proportion to the weights of eigenstates (the second property of eigenstates [9] 
Thus, the index of investment prospects of the region h eigenstate is the ratio of the weighted coefficients and variables of i x and j
x . Comparing the value of the indicator with its standard value, a decision about the choice of eigenstate for the model of the region with investment appeal is made.
Selected eigenstates are used to generate the model of investment-attractive region (a reference model). The deduced model is an idealization of the real functioning of the region and serves as a reference for the examined area in terms of investment attractiveness. Indicators describing the region operation within the framework of the investment attractiveness model are determined by the formula:
where p -the number of selected eigenstates used to build the model.
At the last stage, the analysis of the object investment attractiveness is carried out by comparing the reference value with the initial data. Comparing actual performance with reference ones shows how the actual socio-economic state of the object corresponds to the reference state. The reference values are calculated on the basis of the standard model of investment attractiveness. Large deviations (eg, deviations of more than 5-10%) of the reference values can be interpreted as an attendant instability of the region development, and as a consequence a decrease in its investment attractiveness. These deviations from the reference socio-economic indicators of the region functioning are interpreted as signs of the system destabilization and are measured using the penalty function. 
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where ki
x -the actual value of the indicator,
et ki
x -the reference value of the indicator, d -the acceptable deviation.
As we see from the formula (4) the fines are assigned to the parameters which values differ from the reference value by more than the allowable value.
Thus, the use of the logical-mathematical model of external and internal environment indicators influence on the region investment appeal allows to analyze the main indicators of the region functioning as a socio-economic object rapidly and detect abnormalities that may lead to the loss of investment attractiveness in good time.
III. EXAMINATION OF THE INVESTMENT PROSPECTS OF THE RUSSIAN REGION
We study the socio-economic performance of Chelyabinsk region by constructing a model of an investment attractive region using the method of eigenstates.
First of all, we need to select those indicators which (in our opinion) significantly affect the investment attractiveness of the region. All indicators can be grouped into clutters according to certain criteria. To build the model following indicators of the region development were taken (30 indicators):
• economic indicators (taken per capita), such as an internal regional product, investment in equity, retail volume, foreign investment in the region, etc.;
• indicators describing the social area in the region: the density of roads, average income (per capita), the commissioning of residential buildings, morbidity, etc.;
• environmental performance of the region: the level of radiation pollution, pollutant emissions;
• indicators of the crime situation in the region: the unemployment rate, the number of registered crimes.
Indicators of the political situation in the region are not included in the model, because the political situation in the regions is the same within the country. Political factors are the most important (in this case) to assess the investment risks for the country, not for the region.
Constructing the model by eigenstates method, the duration of the exploration period is very important. Selection is based on statistical indicators that characterize the potential of the country. These figures are included in the data book provided by the Federal State Statistics Service. The exploration period is 12 years. Thus, a matrix composed of selected indicators with 30x12 dimensions was obtained. The following notations of the main indicators are introduced in the table and further as the text goes: FCEfixed capital expenditures, GRP -gross regional product per capita, PI -population income per capita, RT -retail turnover per capita, LMC (loss-making companies) -a share of lossmakers, EP -emissions of pollutants into the atmospheric air, BPL -the share of population income below subsistence line, UR -unemployment rate1.
Fixed capital expenditures indicator is chosen as main factor. The target factors (factors that attract the most interest for the analysis) are GRP, retail turnover per capita, BPL and LMC (the share of unprofitable enterprises).
Graphic presentation of the analyzed parameters is shown in fig 1. Then we formulate the requirements the constructed model is to meet. Investment growth, in our view, should lead to an increase in GRP, population income per capita growth and, consequently, to an increase in retail turnover. However, it
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should be noted that in the volatile economic environment period in the country population income per capita growth may not lead to an increase in retail turnover. This is due to the fact that the population in this period usually sit tight and reserve a part of savings in the form of deposits. The growth of investment in the region contributes to the creation of new jobs and, consequently, a decrease in unemployment rate, a decrease in the crime rate, the development of new technologies, etc. Thus, formulating the criteria we will focus on the following: Investment growth leads to an increase in gross regional product, to an increase in population income per capita, to unprofitable enterprises share reduction, to decrease of the share of population income below subsistence line. There are no restrictions imposed on the other indicators. Eigenstates are calculated during the third phase. The calculation of the eigenstates weight are shown in Table 2 . Analyzing eigenstates, it stands to reason that for the reference model construction it is needed to consider the first seven eigenstates as from the eighth dispersion becomes zero. Consequently, all following eigenstates can be discarded because they do not make a special contribution to the investment model in the region.
It should be noted that not all eigenstates meet the criteria stated above. Therefore, in the fourth stage of the eigenstates analysis we select those, which meet the criteria.
According to the first of eigenstates growth in fixed capital investment leads to GRP increase, population income growth as well as retail turnover. Along with the investments growth, a reduction in the share of unprofitable enterprises, the reduction of polluting emissions and the number of people with incomes below the subsistence minimum is in evidence. The second eigenstate suggests that the decrease in investment leads to growth of gross regional product, to an increase in the unprofitable enterprises share, polluting emissions, the number of people with incomes below the subsistence level and the number of unemployed. This is accompanied by a decrease of the population income per capita and retail turnover.
Similarly it is possible to analyze the rest of eigenstates. The analysis of eigenstates has shown that the first and the seventh eigenstates are corresponded to the criterion introduced above.
Knowing the eigenvalues, the initial values of these factors can always be found. Thus, the investment attractiveness of the Chelyabinsk region in any of the periods can be determined by a weighted combination of eigenstates. In this case, not the original factors but a set of eigenstate is used for description of the region investment attractiveness. Each principal component includes more than one factor, typically, their combination. On the basis of eigenstates it is possible to build a reference model of the investment attractiveness of the region. The reference model shows how the basic socioeconomic indicators in the ideal system should be changed in order to achieve the investment attractiveness of the region. As it is seen from these graphs, the reference model describes the original data quite well. Since 2009 there has been a decline in fixed capital expenditures in comparison with the reference model (Pic. 2). This is primarily due to the tense political situation in the world and the beginning of the global economic crisis. Certain deviations from the reference model are also observed in the case of the analysis of the retail turnover (Pic. 5). From 2008 to 2011, there was quite a sharp increase in the retail turnover in comparison with the reference values. This is due to the credit policy of the Russian banks (relaxation in the requirements for credited parties, borrowers age-limit increase, and so on). Since 2012 conversely there has been a sharp decline in retail turnover. This is primarily due to the economic crisis and the political situation in the country: loan default, interest rate increase, the introduction of economic sanctions, and consequently decline in consumer purchasing power.
To evaluate the investment attractiveness of the region a complex indicator that is calculated using a formula (1), is built. When calculating the complex indicator we assume that any deviation by more than 10% from the reference value is a sign of instability. The penalty function values are calculated according to the formula (3), if
Penalty function values are shown in Table 3 , and the complex indicator change is shown on picture 6. As can be seen from the table penalty functions reach their maximum values at the beginning of the period (2002) (2003) (2004) (2005) (2006) and at the end of the period starting in 2011.
As we can see in picture 6 there is a sharp fluctuation of the investment attractiveness of the region until 2006 and since 2012.
It is possible to ease the requirements for the complex indicator, i.e. to reduce the number of factors considered in the indicator calculating. So if we impose the penalty function under negative deviation above the allowable values only on the following factors: fixed capital expenditures, the GRP and population income per capita, we can see that a complex indicator ranges within 0.9 ... 1.0 (Table 4) . . It proves that investment policy in the region is satisfactory. Thus, the developed theoretical apparatus can be used to make management decisions related to the selection of an object for investment (from the point of view of the investor). From the point of view of the CEO this unit can be used to assess the investment potential of socio-economic object and to make management decisions to improve its investment attractiveness.
IV. CONCLUSIONS
This article examines the actual theme dedicated to the evaluation, analysis and maintenance of the investment attractiveness of the region. The urgency of the problem is determined by the need to develop the region control mechanism according to the criterion for investment attractiveness, as currently existing methods do not allow to reveal the hidden mutual relations between socio-economic indicators of the region functioning. To solve the problem of definition, analysis and maintenance of the investment attractiveness of the region it is encouraged to use the methodology of constructing a model of the region having the investment attractiveness using the method of eigenstates. This methodology allows, while reducing the number of indices of the region socio-economic performance to identify their structure and relationships and to build a generic or complex indicator of the investment prospects of the region. Comprehensive indicator of investment attractiveness of the region is determined by comparing the actual parameters and the reference activity of the region, using the method of penalty functions. The proposed methodology involves the formation of a set of indicators describing the economic, social, ecological processes and indicators of the crime rate; formulation of the region investment attractiveness requirements; calculating eigenvector describes the eigenstates of the region functioning which is characterized by a definite tendency of its development and verification of eigenstates compliance with the investment attractiveness requirements. The paper presents the formula for calculating the complex indicator of investment attractiveness of the region. In this article, the efficiency of the developed methodology is demonstrated on the example of the Chelyabinsk region investment attractiveness analysis and can be used for other regions.
